ee qas os 


一 一 -一 7》 + a л 
Me 2 AC MU 
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6.44 
Liquid water at 1809C, 2000 kPa is throttled into a flash evaporator chamber 
having a pressure of 500 kPa. Neglect any change in the kinetic energy. What is 
the fraction of liquid and vapor in the chamber? 
Solution: 
1.52 2 
Energy Eq.6.13: hy + 5М + gZ = h> +105 + 222 
Process: Z = Ly and | V5;-VI 
= һ =} = 763.71 kJ/kg from ТаЫе В.1.4 
State 2: وطع وم‎ > 2 — phase 
62 = he t+ x2 hfg 
? 763.71 — 640.21 
хо = (ha - ће) / ње ^ 7510847 = 0.0586 
Fraction of Vapor: хэ = 0.0586 (5.86 %) 
Liquid: 1 - x2 = 0.941 (94.1 %) 
Two-phase out of the 
valve. The liquid drops 
to the bottom. 
š J 
aI 


# s a m 


.. 4 (ow 
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Turbines, Expanders 


6.48 


A steam turbine has an inlet of 2 kg/s water at 1000 KPa, 350°C and velocity of 
15 m/s. The exit is at 100 kPa, x = | aid very low velocity. Find the specific work 
and the power produced. 


Solution: 


е, Е 1 . 2 > 
Energy Eq.6.13: hy + 5 Vi + رضع‎ = hy t5 Vo + gZ» + WT 
Process: Zi = 22 аа \›=0 
Table В.1.3: hy = 3157.65 КЛкв, hy = 2675.46 kJ/kg 


š | 
эт=ї + 4V? —hy = 3157.65 + 15” / 2000 - 2675.46 = 482.3 kJ/kg 


Wr = m x wr = 2 x 482.3 = 964.6 kW 





TE =» يد‎ ар sas h.L d 
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6.57 
A compressor brings R-134a from 150 kPa, -10°С to 1200 kPa, 50°C. It is water 
cooled with a heat loss estimated as 40 kW and the shaft work input is measured 
to be 150 kW. How much is the mass flow rate through the compressor? 


Solution: 
C.V Compressor. Steady flow. 
Neglect kinetic and potential energies. 


Energy: m hi + Q = mh, + W 





m = (Q - Wy(h, - h) 


Look in table B.5.2 


hi = 393.84 kJ/kg, he = 426.84 kJ/kg 


-40 - (-150) 


™ 12684-39384 = 3333 КЕЗ 


7.58 
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Calculate the amount of work input a refrigerator needs to make ice cubes out of a 
tray of 0.25 kg liquid water at 10°С. Assume the refrigerator works т a Carnot 
cycle between —89C and 35°C with а motor-compressor of 750 W. How much 
time does it take if this is the only cooling load? 

Solution: 


C.V. Water in tray. We neglect tray mass. 
Energy Eq.: m(u2- uj) = 102 - 1W2 
Process : P = constant + Ро 
1W = ГР dV =Pom(v2 = v) 
(Qo = пи - uj) + W2 = m(hy — hy) 


ТЫ. 8.1.1 : بط‎ = 41.99 kJ/kg, ТЫ. 8.1.5 : h = - 333.6 kJ/kg 
و0‎ = 0.25(-333.4 - 41.99 ) = - 93.848 kJ 


Consider now refrigerator 








For the motor to transfer that amount of energy the time is found as 


W = | W dt = W At 

Ж | 
24x10 

м کے‎ „152451000 „ ууз, 


; 750 
W 
Comment: We neglected a baseload of the refrigerator so not all the 750 
W are available to make ice, also our coefficient of performance is very 


optimistic and finally the heat transfer is a transient process. All this 
means that it will take much mire time to make ice-cubes. 





6.59 
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An air compressor takes in air at 100 kPa, 17°C and delivers it at 1 MPa, 600 K to 
a constant-pressure cooler, which it exits at 300 K. Find the specific compressor 
work and the specific heat transfer in the cooler. 


Solution 

С.У. air compressor q = 0 
Continuity Eq.: mo = my 
Energy Eq.6.13: hy + wc = h2 








Compressor 


АМ, 


Compressor section Cooler section 


Table A.7: 
We in = يط‎ hi = 607.02 - 290.17 = 316.85 kJ/kg 


С.М. cooler w = 0 


Continuity Eq.: m3 = my 
Energy Eq.6.13: hy = gout + hs 


out = h> - hs = 607.02 - 300.19 = 306.83 KJ/kg 


ей 
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6.66 
Saturated liquid nitrogen at 500 КРа enters а boiler at a rate of 0.005 kg/s and 
exits as saturated vapor. It then flows into a super heater also at 500 kPa where it 
exits at 500 kPa, 275 K. Find the rate of heat transfer in the boiler and the super 
heater. 


Solution: 
C.V.: boiler steady single inlet and exit flow, neglect KE, PE energies ш flow 


Continuity Eq.: m; = №) = m3 





Table В.6.1: h = -87.095 kJ/kg, h2 = 86.15 kJ/kg, 


Table B.6.2: h3 = 284.06 kJ/kg 
Energy Eq.6.13: Qboiler = h2-—hi= 86.15 - (- 87.095) = 173.25 kJ/kg 
болес = :ñ1qpoiler = 0.005 x 173.25 = 0.866 kW 
C.V. Superheater (same approximations as for boiler) 
Energy Eq.6.13: sup heater ^ һу -- hy = 284.06 — 86.15 = 197.9 kJ/kg 


Па heater; ID2dsup heater ^ 0.005 x 197.9 = 0.99 kW 


c» 
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Heat Exchangers 


6.84 
A condenser (heat exchanger) brings 1 kg/s water flow at 10 kPa from 300°С to 
saturated liquid at 10 kPa, as shown in Fig. P6.84. The cooling is done by lake 
water at 20°С that returns to the lake at 30°С. For an insulated condenser, find the 
flow rate of cooling water. 


Solution: 


C.V. Heat exchanger 


Energy Eq.6.10: 0020 + mH,oh300 = Meoolh30 + mHoOhf 10 kPa 


300°С sat. liq. 
| ks — 
. MÀ 
™ cool 30°C 20°C 


Table В.1.1: һо = 83.96 kJ/kg, h307 125.79 kJ/kg 
Table B.1.3: №300, 1okPa = 3076.5 kJ/kg, В.1.2: hf 10 kPa = 191.83 kJ/kg 


1300 - hr 10kPa _ 3076.5 - 191.83 


o oh s n D e‏ وريج 
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7.64 
A heat pump is driven by the work output of a heat engine as shown in figure 


P7.64. If we assume ideal devices find the ratio of the tota! power Qi + Qus that 


heats the house t» the power from the hot energy source Qiii in terms of the 


temperatures. 


T 


room 


T 


amb 





Dup = Qu W- Qu) (Quo Qi) mon 


room. 


room * 


W= npe ٠ н ee Чы 





W = Ор: нр = T 


room" 


T 
IET А room, + 
GO, D Th ] Qul 


Она О _ 
= H room amb 
Oui БЕ 2и 

room 

T T5 l; 


“room , room тоот 一 


i Тн T od m Tamb 
T 


room 
а 


ds | T, a 


= T ee on. 


room ` Tamb 
" T 05 Ty 5 = 
Ty T 


room “amb 
-{ 


room | Tg “amb 


T T 


H roon -T amb 
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7.65 
It is proposed to build a 1000-MW electric power plant with steam as the working 
fluid. The condensers are to be cooled with river water (see Fig. P7.65). The 
maximum steam temperature is 550°C, and the pressure ir. the condensers will be 
10 kPa. Estimate the temperature rise of the river downstream from the power 


plant. 
Solution: 
١ — 106 "oz = 
Wuer 710 kW, Тн 550°С = 823.3 K 
Реоко = 10 kPa 一 Ty = Te (P = 10 kPa) = 45.8°С = 319 К 
т T ) 
Ty" TL 8232-319. 
Птн CARNOT T, — 8232 — 0.6125 
: 1 -0.6125 
=O) wine 00 , = 0.6327 x 106 kW 
А 60 x 8 10/60 
But m Ovx n X — = 80 000 kg/s having an energy flow of 
H,O 0.001 5 5 


QL мім 7 н.о Ah = mio Cp LIQ но ATi. 0 MIN 


QL MIN 0.6327х106 
= === = CU с: o 
=> АТн,омм . я 80000 x 4.184 ^ L^ C 


m 
H,O 


P LIQ H20 
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7.74 
A heat pump has a coefficient of performance that is 50% of the theoretical 
maximum. It maintains a house at 20°C, which leaks energy of 0.6 kW per degree 
temperature difference to the ambient. For a maximum of 1.0 kW power input 
find the minimum outside temperature for which the heat pump is a sufficient heat 
source. | 


Solution: 





СУ. House. For constant 20°C the heat pump must provide Ок = 0:6 АТ 


Òn = бык 7 0.6 (Ta - T.) = BW 
"С.У. Heat pump. Definition of the coefficient of performance and the fact that 


the maximum is for a Carnot heat pump. 
B' = Quy / W = Qu / (Qu - QL) = 0.5 сато: = 0.5 х TH / (Tg - TL) 
Sübstitute into the first equation to get uL 
. 0.6 (Tg - Tj) > [05 x Ty / (Fa - TL) 11 => 
(Тн-Ть) = (0.5/0.6) Ty x 1= 0.5/0.6 x 293.15 = 244.29 
Tg - Ty = 15.63 => TL =20- 15.63 = 4.4 °C 
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8.70 





а kp water at 150 kPa, 20°С The piston is loaded 50 
| We ін попе in volume Heat is added from a 000°C source until the water i 
ab Û MPa, 5007€ Pind tho heat rime and the papal clamps im ventre] 

Helton 


СУ IBO ошто Hie source, both Qp mul |W, 
Energy Eq.5.] LE: vay up 10) (W) 
Entropy Eq.8.14: ^o ms; - 51) = (Q> / Tsource * 192 рен 
Process) P=A+BV => |М) = [рау = (ру + P5)(V2- V) 
State 1: B.1.1 Compressed liquid use saturated liquid at same Т: 


у = 0.001002 п/о; u, 783.94 kJ/kg: S| = 0.2966 kJ/kg К 


State 2: Table В.1.3 sup. vap. 
у) = 0 35411 m`/kp 
uz = 3124.3 kJ/kg: 
رو‎ = 7.7621 kJ/kg К 





W3 = Vi (1000 + 150) 1 (0.3541 | - 0.001002) = 203 kJ 1 
05: 103124,3 - 83.94) + 203 = 3243.4 kJ 
يم‎ -si) 17.7621 - 0.2968) 7 7 4655 КИК 
= 192 /Tsource ~ 3.7146 КУК (for source Q = يوب‎ recall Eq 8.18) “ 
يقر‎ yon = mG2 st) 19; Tourer” ABiotal 
ow Аброр CA шор 2 711655 = 3.7146 = 3.781 КИК 


Remark: This is an external reversible process (delta T to the source) 





7.84 
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Г 


We wish to produce refrigeration at 300" 
available at 200°C and the 
by a cyclic heat engine ope 
This work is used to drive t 
(инн ене fom the 20070 
Uo veli, menning nfl pres 


‚ А reservoir. shown т Fig. P7.84, is 
ambient temperature is 30°С. Thus, work can be donc 
rating between the 200°C reservoir and the ambient. 
he reftiperator, Determine the ratio of the heat 
Uv tothe heat воюет lem the Це 
TP quot eg بللا‎ 


Solution 


Equate the work from the heat engine to the refrigerator. 


T, 200 C To = 30 C Ta -To 
о W=Q,,, i 
Он! Qiu; 





also 


Tg- T, 
М = 0). Ty 





Tg 
То=30С “T,=-30 C 





Qu; . TH H EN yea. be 
Qa \ Т, JU TI ana) PQ 


| è 
СА 1 И 
| 人 

АЛ, АР 

V Bx "RA 

Hu ‘4 UV | 

МА 

i QV 

SN 


чес» <= чу 
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7.17 
A remote locati i TIE js 
o و‎ without electrivity operates a refrigerator with a bottle of 
propane feec Ing a burner to create hot Eases. Sketch the setup in terms of cyclic 
| devices and pive a relation for the ratio of Qi in the refrigerator to Ору in the 
burncr in terms of the various reservoir temperatures. 
\ 
The work of the heat engine `` lu / FUEI 

| assuming Carnot efficiency is g 

} 0 Он 

| : T po W 

| e ° amb | - PU 

W= "ug Qtuet = [1 — т бы E ma 

» The work required by thc بير‎ N 
| refrigerator assuming reversible L 
COP is 
ToT 
: : 2 amb" 'L 
я 26 ` W = О, / Diet = L ix ме 
i / № 1 E 


po ` Set the two work terms equal and solve for Oy. 


ма. E Y \ . Ti, : Тү, [ m) Ó 
РСЕ c'i и W сш e | dom ولع‎ 
u" ә б, Q. Tamb = TL Газа TL Тра ме! 
м. А] | RS 
m LN Remark: This result is optimistic since we used Carnot cycle efficiency 
Би and coefficient of performance. Secondly the heat transfer requires а AT - 
\ so the heat engine efficiency is lower and the COP is lower. 
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mE 
التعليمات التالية بعناية‎ Val: ملاحظات هامة.‎ 






диз Jiel ee j‏ 2- يسمح باستعارة الجداول اثناء الامتحان. 
3- تحظر لهواتف المحمولة والآلات ت الحاسبة المتطورة. 4« 2S‏ بها ن كثابة الاسم 6 ور قم القبد . Mg‏ لمجموعة + والقسم, 
3 


R = 8.314 k)kmol . K ثابت الغاز العام‎ a 
== Ë L = = = Е 


6- - أجب عن جميع ААБ‏ في الفراخ المخصص لكل Ue‏ 




















=u : السوال الأول‎ 
24 3) (constant) =Ë أو‎ (path function) أو دالة مسار‎ (point function) ¿Lu صنف الكميات التالية إلى: دالة‎ Ыі 
o e EE PAD «ыс pd е 
otal Internal Energy | : Temperature _. | 
| i Pv/T for an ideal gas | 


| ， 


Specific Heat | | | 


لے 





vork 





I 

| 

| 

i 

| 
mo DE | Ey dioe á уы н,‏ 
DO -2‏ (درجة واحدة فقط) في حل عدم thal HS ld‏ ورقم قيدك. والمجموعة. SL йу‏ قي المت إن المخصصس. 
23- في الشكل المرفق. af‏ حرارية تشتغل طبقا لدورة كارنو بين خزانين حراريين ثابتي درجة الدرارة Чү = 27°С 5 Тн‏ الخزار 
الحراري مرتفع درجة الحرارة e‏ عن متطورمة مغلثة با Sa 628 kg‏ عر se ule‏ وہر 100 = id =й}‏ 
الابتدائية )1( تضاف الأثقال واحدة تلو الأخرى على المكبس بحيث يزداد الضغط 
الى KPa‏ 500 = ر في الحالة النهائية )2( خلال هذه العملية يتم السا 
درجة حرارة الغار заб ЦА i‏ لمنظو مة المغلقة. us‏ بين العملية 4 A‏ 


(M = 41.57 kg/kmol) المولية للغاز‎ 


تدريجيا وببطء إلى EL NE‏ 
ح بانتقال كمية Он Bol at‏ إلى ИЧ‏ الحراربة بیت S‏ 
يخضع لها الغاز على сена За‏ اذا علمت أن ¿SY‏ 
وأن تأثير ر طاقتي الحر لحركة والوضع للمنظومة المغلقة ميمل 
1- درجة حرارة المنظومة المغلقة Ty‏ بوحدة 9C‏ 
2- الشغل المنتج للألة Wa oaa Jos‏ بوحذة Kd‏ 
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12:20 points) 


EEE ( 
piston- -cvlinder device (Free Piston) initially 
ains 5 kg of water with quality of 2576 at 1.5 


; Heat is added to the system until its temperature 
5 г 0 $ $ . 
ames 150 °C. Neglecting the change in kinetic and 


ential energies. Determine: 


The initial temperature and initial volume. 


The work done in the process. Is the work doli 


by ог on the system. 

Show the process on the P-V diagram. 

The internal energy of the substance at initial and 
final state. 
The amount of heat transferred to the system 


during the process. 






yuestion # 2: (8/20 points) 


a the figure shown below, calculate the power produced 


sy. the adiabatic steam turbine from the start up until the 


2igid tank is fully filled by saturated liquid during 10 


min, if the flow through the turbine is SSSF. 


| رم‎ = 5 MPa 
qo TI =700 `C 


' 0100 mm 


М اج‎ WT =? 


T Turbine; 





—= Saturated vapor 
7 P3 = 80 kPa 


Rocm 








i 
ү | atu 
8 P4 = 80 Ра 


| — Е 


На ^^ '‏ عسوم 
iRiged Tank‏ ¦ - 
was Empty atthe j‏ 
Beginning 1‏ | 


-Valm | 


cA 








7013 ү 

I‏ السؤال الاول: 12/20 نقطة) 

منظومة مكبس و أسطوانة (المكبس حر الحركة)؛ تحتوو 
الابتدائية علي 5 كجم من الماء بجو دة بخار تساوي 425 وضغط 
5 بار. أضيفت كمية من الحرارة الي النظام الي أن أصبحت درجة 
حرارته تساوي 150 درجة مئوية, بإهمال التغير في طاقتي الحركة 


1 درجة الحرارة الابتدائية والحجم الابتدائي. 


———— án 
s € 


2 الشغل المبذول خلال العملية و الشكل E‏ علي diii‏ 
ْ بواسطة النظام. 
| 2.3 وضح العملية علي مخطط р-у‏ 

4 الطاقة الداخلية عند الحالة الابتدائية والنهائية, 

is 


كمية الحر ارة المنتقلة الى النظام خلال العملية, 





السؤال الثاني )8/20 نقاط) 
T‏ الشكل الموضح pul‏ أحسب القدرة iW‏ 
البخار 


ka as asal aun ie dd‏ يمتلى 
الخزان الجاسئ بالكامل بالسائل المشبع 


والذي يستغرق: 
10 دقائق إذا كان التدفق خلال التربين مميتقر والحالة مستقرة 
وكان التربين كاظم للحرارة 





الإجابة النموذجية للإختبار الدوري الثاني لمقرر ME210‏ 
Jay‏ | 7 


Ql ay | | 
P1 = 1.5١ bar T1 =Т sat © P1 Ti :- 1114 2 С 


2 )- 
xl:2025 ml:= 5: kg 


яб ol := 1 159 mr 
vfi := 0.0010528 一 vgl BST. 
kg > 


3 


m 
x1 = 0291— 
kg 


-yl :=УЙ + xl (vg1 - vfi) 


wg 2A 


АЕ: 


vi‏ امرك يد 
qa = Pl: (V2- VD‏ 


ECT. Psat := 6.178: bar 

a tee © 
& mimi е е 
ай р а 


state 2 is superheated 


-# 
2= v2 m2 . 9 
T < معد م‎ 7604901 


ES 
>, 
< 


ve signe thus the work done by the system 





3) 


kJ à 
ufi := 466.94 . 一 ugl := 25197. E 

kg kg 
ul c=ufl + xl- (ugl - ufl) 


U] i= ml: ul 


u2 at 1.5 bar and 160 oC 








U2:n2: 02 
4)- 


2 2 | 
c2 — ol 5 w12 
"C" (22 — 21([ + 


are by dU thus it can be nigligible 


dKE & dPE are very small comp 


Thus 





Q12 = W12 + 92 - 01 


—— м 


Q2 


0 





= WT = 


team Turbine 





Separation № ` 


Room 





WOR 
j| Saturated liquid 
Patm = 80 kPa 0 | 
| к | 
-— | was Empty at the | 
| Beginning —— 
| | 
| velm o 









roe ——— = туттан ae 
ТЕЕ —— M 


MPa := 1000000 ٠ Pa cs : 
kJ := 1000.1 a Pa kPa := 1000. Pa 


Pli 5. MPa t:= 10 ٠١ min 


TI := 700 o C 


905 ° 
are 29089 + 38941 № 


2 kg 

92cm 18. Ë= 

kg 

P2 := 80. kPa 
| E 
vf: 10380.10 ^. — 
kg 


vf2 < v2 < vg2 Thus the state at point 2 is mixture 


v2 - vf2 
em د‎ 


vg2 - 2 


x2 = 0.862 


kJ a 
hf2 := 391.66: — hfe? i= 2274.1 - ME 
g kg 


يه 


h2 := ВР + x2. hfg2 


3 
Vt:= 1١ m 
Vt 
mf: — 
“Ё 
mf 
mt Е 
И . 
г yum 


vl: 


a 


_ 0.111 + 0.07552 m 


t2 
3 





vg? 2081. — 
k 


ki 
hg2 := 2665.8 - — 
kg 





борта 


Tof = 963:391 ke 


кү: 


‘Tht = 7002.08 kg 


3 





el: 


7 md: v2 
Al 


WT := md 0 = h2) + 


ВЕС,‏ ن 





MW := 10°. W 


2 2 
cl c2 
2000 2000 





WT = 18013.53 kW 





EXAMPLE 


P4-57 MPa _ 








5 P5=5.5MPa 


= pee p ct e USE CB on 
wot ug T4=500C , j ase 
А р D=200mn р 5 
Wp = 300 KW n i ЕЕ ` UTURBINE METH 
STEAM ` 77 pei KPa 
: GENERATOR 6 ` c6-2 ë 
WT = =? 200 5 
ит 7 Х6=0.92 Twin=15 С 
Ос - Qe & 2.222 is > 
Qs et P3=5.9 MPa i CONDENSER | 1 , COOLING WATER 
13-1750 y| pecie E. 
а. | Twout-25 С \ 
Р E ， 7 | ға T TS с. 
f A. هص‎ 0 Y 
ECONOMIZER d SE Tere С p N 
ү”, 1 kee соле 
лекне _ LL PUMP 
o a qq XL зымы 0 PI-62MPa 
Hae fe VS  Т2-45С —D=75mm =: 
og Р5=5.5 MPa 
4, Т5=490 С 
< > کر ر‎ = 
E a ый Т) 
NS Н ! 
Zs% — “TURBINE ;7 
de МЕ, 
5 ` P rf d Hu 
3 ` 26-10 KPa 
ae 6 一 C6-200m/S 
et ` X6-0.92 
ke 
- - к = 
mw := 25 . حب‎ 
$ 


Applying First Low of thermodynamics:- 





„2 
3 = v5 Д Е 
056 - W56 = mg- (26-25) + m. + tm. 6-55) 
Q56 = 0-9 “#6 5 = 0۰m Very small 
we 一 y5“ 


+ т- (h6 - h5) 





W56 = 3 
X 


At turbine inlet (5) and by using steam tables 


we may find: 


m = consíant 


7 XA 





8.0633 3314.3 


290 9.6857 3433.8 


At 5.5 MPa 


5500 = | 


At 5.5 MPa & 450 © 








& 550 C 


| 55-5 


6-5 





mul e 0620621 


490 = | c0 450 


Fo NS OMPa 
E i 
VS ws R Z 

= 


h 


336. 


5428 


[490-489 (55 3309) =. 


= 





= (9.05214 — 0.0633) + 0.0633 ٠ 


0,656635 


==” . (0.05665 — 0.06857) + 0.06857 | “一 


| an. КЕЧА 


uit 


27 
ME 


26.0: 


de 


DJ E Е : 
3422.2 2 
sion 8 : OKT: Б 
хаб = Dus Л 
lus 

#438 = 3309 — 

Ка 


` 
` 





ad 


Í 0400 = 0.061632 — 


kg 
us E 


М 


^ عه‎ 
= - 
.—. — “iy, 


kj À 
/ 1490 = 24042 3 


їп 
ме { 


— 5 


` Е ” 


At turbine inlet (6) and Бу using steam tables 


we may find: 
m? m 
vf6 := 0.001010. — 096 := 14.67. ل‎ 
kg kg 
x := 0,92 0156 := vg6 — vf6 


v6 := 016 + x-vfg6 


hf6 := = 191.83. = 
kg 


> 


h6 := hf6 + x - 6 





>. P6=10 KPa 
N < m (Св = Cs 3 = ) pm fhe- г) 6 = C6-200m/S 
t -一 一 一 二 和 6=0.92 Туш=15 С 


| 3 | 
CONDENSER Е ———cCOooLING WATER 
Ge ces “fi | | Twout=25 С 
5 Р7=9.0 KPa 
20 | 7 Т2=40С 
M- er A : y 
Ac = А 4 А NEM 
cA ` š А 
a <. КУ 1 & P ee 
рУ? T7 Eg £ А Га Я =. — 


Cc 


